C ardiac arrest remains a major clinical and public health problem.
Studies of cardiac arrest in volving patients admitted to non-critical care beds showed that survival has not improved despite 40 years of medical advances. 2−4 Outside of critical care units, survival was substantially lower for witnessed arrests than for nonwitnessed arrests; for cardiac than for respiratory arrests; for arrests due to asystole or pulseless electrical activity than for those due to ventricular fibrillation or ventricular tachycardia; and for arrests occurring early in the morning than for those at other times of the day. [2] [3] [4] How these data apply to approximately one-third of in-hospital cardiac arrests that occur in intensive care units (ICUs) is less clear.
Arrests in ICUs might be expected to have increased survival because universal cardiac monitoring and a high nurse-to-patient ratio would mean that the arrests would be witnessed regardless of the time of day. On the other hand, survival might be expected to be lower because critical care patients have a high disease burden and experience arrests despite aggressive preemptive life support. Also, patients in a general ICU might be expected to have poorer survival than those in a coronary care or cardiovascular surgical ICU because they typically have primary noncardiac diagnoses; therefore, cardiac arrest in these patients implies cardiovascular collapse in addition to noncardiac illness (i.e., at least two-organ failure). 3, 4 We evaluated survival outcomes during a five-year follow-up period among adult patients who experienced cardiac or respiratory arrest in ICUs at four hospitals. We also identified risk factors associated with decreased survival after 24 hours.
tients with an arrest due to pulseless electrical activity or asystole: only 10.6% survived to one year, compared with 36.3% who had other arrest rhythms (p < 0.001). Independent predictors of decreased later survival (eight months or more after arrest) were increasing age (ad justed hazard ratio [HR] 1.06, 95% confidence interval [CI] 1.03-1.09) and longer duration of cardiopulmonary resuscitation (CPR) (ad justed HR 1.38, 95% CI 1.03-1.83, per additional logarithm of a min ute of CPR).
Interpretation: Our study showed no major im provement in survival following cardiac arrest with pulseless electrical activity or asystole as the presenting rhythm in the ICU despite many ad vances in critical care over the previous two decades. The independent predictors of death within 24 hours after arrest in an ICU were sex, the presenting rhythm and the duration of CPR. Predictors of later death (eight months or more after arrest) were age and duration of CPR.
Methods

Study setting
We conducted the study at four hospitals in Edmonton, Alberta: the University of Alberta and Royal Alexandra Hospitals (the largest tertiary care hospitals in the city) and the Grey Nuns' and Misericordia Hospitals (the largest community hospitals). Combined, these four hospitals provide tertiary care for more than 1.5 million adults. Collectively, the hospitals have about 130 adult critical care beds (defined by capacity for continuous monitoring, one-on-one nursing and mechanical ventilation): 40 beds in coronary care units, 70 beds in multidisciplinary general ICUs and, at the University of Alberta Hospital, 20 beds in a cardiovascular surgical ICU.
Patient population
We reviewed all in-hospital standardized records of cardiac and respiratory arrests from Jan. 1, 2000, to Apr. 30, 2005 . We selected records for those that occurred in the adult critical care units of the four study hospitals. We excluded arrests that involved pediatric patients or that occurred in the emergency department, operating theatre or noncritical care areas. We included only the first arrest for patients who had more than one. We excluded patients who did not need manual cardiopulmonary resuscitation (CPR), defibrillation, cardioversion, emergency pacing or emergency mechanical ventilation.
Ethics approval of the study was obtained from the Health Research Ethics Boards of the University of Alberta and Covenant Health.
Data collection
We obtained patient data from medical records, vital statistics, and the patient's family or family physician, including the patient's age, location of arrest, APACHE II (Acute Physiology and Chronic Health Evaluation) score and whether the patient survived. To determine the duration of CPR, we considered the start time to be the arrival of the code team leader. The code record was used to determine the timing for the return of spontaneous circulation.
Statistical analysis
We calculated crude survival proportions by dividing the number of patients who survived by the total number of patients in each specified strata. We analyzed univariable associations between survival outcome at prespecified points and type of ICU, type of arrest, time of arrest, duration of CPR, APACHE II score on admission, and patient age and sex. The Pearson χ 2 test and two-sided Fisher exact test were used. 5 Duration of CPR was transformed using its natural logarithm to comply with normality as sumptions for all statistical comparisons. We compared mean logarithm of CPR durations using the Student t test.
Factors associated with survival that achieved a level of significance of p ≤ 0.25 on univariable analysis were fit into the logistic regression models that predicted immediate survival (within 24 hours after arrest). 6 For survival from 24 hours after arrest to vital status on May 16, 2009 , survival analysis was performed using a Kaplan-Meier estimator and Cox proportional hazards model.
We determined the final logistic regression models and Cox proportional hazard models by backward selection of aforementioned variables, maintaining factors that were significant at a p value of 0.05 or less. 7 Final logistic regression analysis was performed for 507 patients with complete data (including 266 patients without APACHE II scores) who survived or died within 24 hours after arrest. We performed a sensitivity analysis of the logistic regression model for the 241 patients who had complete data and APACHE II scores.
Of the 258 patients who survived more than 24 hours after the arrest, 254 had complete data and were included in the Cox proportional hazard models. The first model included 129 pa tients who died within eight months after arrest and the second model included 125 who survived eight months or longer. Of these 254 patients, 119 had APACHE II scores; we performed sensitivity analyses for the 66 patients who died within eight months and the 53 who survived eight months or longer.
For sample size, we assumed an in-hospital mortality of 80%, based on findings from our previous retrospective cohort study of mortality among non-ICU patients experiencing cardiac arrest (85%). 4 For 80% power, and a two-sided α of 5% around a point estimate of 80% mortality, we calculated that 430 patients would be needed for the study sample. No provision was made for age, APACHE II score or duration of CPR on sample size.
Results
Patient population
A total 517 patients met the inclusion criteria: 204 (39.5%) were in general ICUs, 278 (53.8%) in coronary care units and 35 (6.8%) in the cardiovascular surgical ICU. The mean age was 66.5 years, and 62.3% were male. APACHE II scores on admission to ICU were available for 251 patients; the mean score was 26.4 ( Table 1) .
Characteristics of the arrests
Arrests due to pulseless electrical activity or asystole were the most frequent (45.8%) ( Table 1) .
Arrests due to pulseless electrical activity, asystole and bradyarrhythmias occurred more frequently in the general ICUs than in the cardiovascular surgical ICU; arrests due to ventricular fibrillation or ventricular tachycardia were more common in the coronary care units than in the general ICUs (p = 0.005).
The mean duration of CPR was 19.9 minutes (median 14, range 0-189 minutes). The proportion of patients who did not have return of spontaneous circulation increased with increasing duration of CPR: 13.2% of patients after less than 5 minutes of CPR, as compared with 23.9% after 5-10 minutes; 39.4% after 10-19 minutes; 59.0% after 20-29 minutes; 66.1% after 30-44 minutes; 67.7% after 45-59 minutes; and 54.2% after 60 minutes or more. There was no association between duration of CPR and the time of day in which the arrest occurred (p = 0.43). In the univariable analysis, we found no significant association between type of hospital (tertiary v. community) and survival after initial CPR (p = 0.68), survival to ICU discharge (p = 0.43) or survival to hospital discharge (p = 0.18). We found no significant association between the time of day of the arrest and survival after initial CPR (p = 0.23) or survival to hospital discharge (p = 0.42).
Survival outcomes
Longer duration of CPR was associated with an increased risk of death within 24 (Table 2 ). Eighty-six per cent of patients with an APACHE II score of 25 or higher and 94.7% of those with a score of 40 or higher died on or before hospital discharge, irrespective of arrest type. Similarly, no patient survived to hospital discharge following an arrest due to pulseless electrical activity or asystole if their APACHE II score was 30 or higher ( Figure 1, top panel) . We found no significant association between duration of CPR and survival to hospital discharge among patients with pulseless electrical activity or asystole or among those who had other arrest rhythms (p = 0.26) (Figure 1, bottom panel) .
As in the univariable logistic regression analysis, in the multivariable model, age, type of ICU and APACHE II score were not independent predictors of death within 24 hours after arrest. Male sex (adjusted OR 1.55, 95% CI 1.01-2.36), arrest due to pulseless electrical activity or asystole (adjusted OR 3.37, 95% CI 2.24-5.07) and longer duration of CPR (adjusted OR 2.59, 95% CI 2.02-3.30, per additional logarithm of a minute of CPR) were associated with an increased risk of death within 24 hours (Table 2) . When we limited the model to the 241 patients with an APACHE II score, we found little change in the magnitude of effect of the other covariates.
In the Kaplan-Meier analysis of survival outcomes after the first 24 hours following arrest until May 16, 2009 (n = 258), the mean survival period was 2.56 (standard deviation [SD] 2.00) months among the 78 patients with pulseless electrical activity or asystole. This period was significantly shorter than the mean survival period of 3.80 (SD 3.49) months among the 180 patients with other types of arrest (Wilcoxon p < 0.001) (Figure 2 ). Mortality differed significantly between those whose arrest was due to pulseless electrical activity or asystole and those with other types of arrest (log rank p < 0.001, Wilcoxon p < 0.001).
The hazard functions crossed at between seven and eight months: patients whose arrest was due to pulseless electrical activity or asystole had a greater hazard of dying within eight months after arrest and a lower hazard of dying after eight months compared with patients who had other types of arrest. Consequently, we stratified the Cox proportional hazard analysis into two models reflecting these periods (Table 3) . From the day after arrest until eight months, longer duration of CPR was the only independent predictor of death (adjusted hazard ratio [HR] 1.50, 95% CI 1.18-1.91, per additional logarithm of a minute of CPR). From eight months until the end of follow-up, increasing age (adjusted HR 1.06, 95% CI 1.03-1.09) and longer duration of CPR (adjusted HR 1.38, 95% CI 1.03-1.83) were independent predictors of death. Sensitivity analysis limited to the patients with APACHE II scores who survived up to eight months (n = 66) and eight months or longer (n = 53) did not influence the direction of effect of the duration of CPR. However, the variance of the effect of this variable did increase to the level that this factor was no longer significant in the restricted models containing fewer patients (Table 3) .
Interpretation
Patient survival following cardiac or respiratory arrest in ICUs in our study was similar to patient survival reported in other studies of arrest in critical care units from the last two decades. [8] [9] [10] [11] [12] [13] In our study, about one in four patients (24.3%) survived to one year, and about one in six (15.9%) to five years. Survival was higher among our patients than among patients in previous studies whose arrest occurred in non-ICU hospital settings. 4, [14] [15] [16] [17] [18] [19] [20] About 60% of the patients in our study were initially resuscitated, and just over one-quarter survived to hospital discharge. In comparison, our previous study of survival outcomes following arrest in non-ICU hospital wards showed that about one-third regained a pulse, and 13% survived to hospital discharge. 4 This difference suggests that cardiac or respiratory arrests in critical care units are distinct from those in non-ICU hospital wards. However, our ICU survival data are similar to those previously reported for witnessed arrests in non-ICU hospital wards. 4 Collectively, the results of our two studies highlight the primacy of whether an arrest is witnessed over where the arrest occurs in hospital.
On average, survival to discharge from ICU for all patients has been reported to exceed 80%. 21, 22 In our study, only about 30% of the patients survived to ICU discharge after their arrest. Furthermore, at one-year follow-up, only 11% of patients whose arrest was due to pulseless electrical activity or asystole and 36% of those with other arrest rhythms were alive. The APACHE II score, a validated measure of the severity of acute illness in ICUs (but not coronary care units), 23 was not an independent predictor of immediate or long-term death over its entire range. However, no patient survived to hospital discharge following an arrest due to pulseless electrical activity or asystole if their APACHE II score was 30 or higher. The independent predictors of death within 24 hours after arrest were male sex, arrest due to pulseless electrical activity or asystole, and longer duration of CPR. Predictors of longer term survival (eight 
Months since arrest
Other types of arrest Arrest due to pulseless electrical activity or asystole months or more) were increasing age and longer duration of CPR. Studies of cardiac arrests occurring out of hospital have shown an increased incidence of arrests in early morning. This was attributed to the cortisol-and catecholamine-surge upon awakening. 24−26 However, it was unclear whether this pattern would apply to critically ill in-patients, where circadian influence is lessened. 27, 28 Results from our previous study of arrests occurring in non-ICU hospital settings suggested decreased survival with early morning cardiac arrest. 4 In the current study, we found no early morning peak in total arrests, and no excess of early morning arrests due to pulseless electrical activity or asystole. This may be due in part to higher 24-hour nurse-topatient ratios in critical care units. It may also be associated with the blunted endocrine response of prolonged critical illness. 27, 28 One of the highest survival rates yet reported following cardiac arrest (53%) was not in a hospital or an ICU setting; it was in a casino. 29 Valenzuela and colleagues attributed this benefit to close observation, rapid response and a high percentage of arrests due to ventricular fibrillation. Similarily, a study involving laypeople using automated external defibrillators at an airport reported extremely high survival rates. 30 Benefits were not attributed to specialized personnel or advanced equipment (beyond defibrillators). However, our ICU study results are still consistent with these findings, because they suggest the importance of rapid response and the influence of the type of arrest.
Our overall survival to hospital discharge of 26.9% was better than the 15.9% noted by Tian and coauthors, who reviewed the outcomes of 49 656 adults with a first arrest in the ICU over a similar period using the US National Registry of Cardiopulmonary Resuscitation. 31 This difference may have occurred because we had more pa tients with ventricular tachycardia and ventricular fibrillation and included patients admitted to coronary care units. We did not find an increased risk of death on evenings and weekends, as was found by Tian and coauthors. ICUs in which one-to-one or two-to-one nurse-to-patient ratios, supported by fully trained intensivists within a Canadian health care system, may have accounted for the lack of an association between mortality and the time of arrest. Moreover, al though Tian and co authors reported an increased mortality among patients taking pressor medications before their arrest, they did not measure illness severity, duration of CPR or survival outcomes after hospital discharge.
Limitations
Given the retrospective nature of our study, several limitations may introduce bias and limit generalizability. These include possible inaccuracies in charting, and possible failure to produce a record of cardiac or respiratory arrest for all appropriate patients. Ultimately our study was slightly underpowered, given an in-hospital mor- Note: APACHE = Acute Physiology and Chronic Health Evaluation, CI = confidence interval, CPR = cardiopulmonary resuscitation, HR = hazard ratio. *The first model violated the proportional hazards assumption, because the hazard ratio associated with cardiac arrest due to pulseless electrical activity or asystole was higher than that associated with other types of arrest in the first 8 months after the arrest and was lower thereafter. †Adjusted for age, sex, type of arrest, duration of CPR (logarithm of minutes), APACHE II score and type of ICU.
tality of 75%, which meant we would have required a sample of 563 patients. We were limited to the comorbidity data derived as part of the APACHE II score. In addition, we included arrests only up until 2005, because we wanted to describe survival over five years, a longer period than is typical of most studies. Regardless, the choice of study period excludes any putative benefit from recent clinical advances [32] [33] [34] or updated guidelines on advanced cardiac life support. 35 
Conclusion
Our study showed no major improvement in survival following cardiac arrest with pulseless electrical activity or asystole as the presenting rhythm in the ICU despite many advances in critical care over the previous two decades. Although overall survival among ICU patients may have greatly improved, survival among those experiencing cardiac arrest in the ICU, particularly arrest due to pulseless electrical activity or asystole, re mained comparatively poor. The independent predictors of death within 24 hours after arrest in an ICU were sex, the presenting rhythm and the duration of CPR. Predictors of later death (eight months or more after arrest) were age and duration of CPR. A key strategy to prevent or mitigate arrests needs to include earlier identification and response.
